East Asia emits more greenhouse gases into the atmosphere than any other region, yet little is known about attitudes towards climate change in this region. A cross-sectional survey investigating climate change knowledge, concern and behavior change was administered to 1118 university students at nine universities across Taiwan in June 2016. Knowledge was assessed with a 15-item quiz while concern and behavioral change were self-reported on 5-point Likert scales. The relationship of these three variables with various socio-demographic variables was investigated through Kruskal-Wallis tests and ordinal logistic regressions. Knowledge was homogeneous by region but differed sharply by socioeconomic position. Concern appears high by international standards, with 65% reporting being "somewhat concerned" and 28% being "very concerned," while climate change denial was negligible. Students expressing greater concern were more likely to be from eastern and southern Taiwan, regions more vulnerable to extreme weather events. However, these high concern levels did not translate into action, as only 38% of respondents reported "some" and 11% reported "very much" behavioral change in response to climate change. Higher levels of behavioral change were reported by students expressing greater concern and students with lower levels of climate change knowledge. In contrast with studies of Western societies, our findings suggest an East Asian model in which the conflict between economic growth and the environment is playing out in different ways, such that the crucial need is for policy leadership and not more education.
Introduction
The potential threats posed by climate change in the coming decades are eliciting growing global awareness and concern. Rising sea levels and changes in precipitation and temperature patterns are creating more favorable conditions for diseases and threatening food security [1] [2] [3] [4] . If the frequency of conflicts increases with the warming of the planet, these risks may be PLOS ONE | https://doi.org/10.1371/journal.pone.0206298 1 / 14 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
amplified by weakened governance capacity and economic disruptions [5] [6] . For the 21 st century, climate change appears set to be a defining international public crisis.
Responding to these potential dangers will require massive, sustained mitigation efforts to reduce growth in greenhouse gas levels, and adaptation efforts to respond to the impacts. Public support will be essential for the changes required. In recent decades, researchers have tracked trends in public knowledge about and perception of climate change. However, this literature has disproportionately focused on Western countries, particularly the United States. Far less research has appeared on East Asia, a region currently responsible for nearly 35% of global CO 2 emissions-a higher percentage than the US and the EU combined (Table 1 ; in this article, East Asia refers to China, Japan, South Korea and Taiwan). East Asian countries all have large, export-oriented industrial sectors and high levels of per capita emissions (Table 1) . Further, these economies have failed to significantly reduce emissions, with climate policy for all of them being graded "poor" or "very poor" in the Germanwatch 2018 climate change performance index [7] . China, at a lower level of development, is already the world's largest greenhouse gas emitter. While much of this is due to production to meet Western consumption demand, a shift towards domestic consumption in China [8] implies that East Asia will need to reduce emissions related to both production and consumption. What role will public perceptions related to climate change play in the success or failure of this transition? International comparative studies of public attitudes indicate that generalizations about East Asia cannot be made from studies of Western countries [9] . East Asian survey respondents, compared to those in the US, appear to place greater value on the environment and show higher acceptance of climate change science [10] [11] [12] [13] . However, the number of studies is limited and has not yet extended to the question of willingness to change.
With continued economic development, our best proxies for understanding the likely trajectory of emissions in China come from other East Asian countries. Taiwan, closest culturally to China, is a case of special interest. With its energy-intensive industrial base, Taiwan is responsible for nearly 1% of global emissions and has one of the highest levels of per capita emissions in the region [16, 17] . Taiwan has set a target of reducing emissions by 50% of the 2005 level by 2050. However, Taiwan's reliance on industry and its decision to close its remaining nuclear reactors (generating 18% of Taiwan's electricity as of 2016) by 2025, means that meeting this goal will require significant increases in energy efficiency and reduced consumption [18] . Research in the US and Europe suggests that reductions of nearly 40% through energy saving behaviors are possible [19] . If policymakers seek to aggressively curtail consumption-related emissions, will the public support such policies?
The present study seeks to help answer such questions by summarizing key findings from a broader investigation of attitudes towards climate change in Taiwan. Recent studies in Taiwan suggest that a high degree of concern about climate change exists in the adult population [20] but that this concern has not translated into high levels of behavioral change [21] . Taiwan's policymakers have increasingly turned to education to promote sustainable development, culminating in the Environmental Education Act in 2011 [22] , and Taiwan's public-school teachers have been shown to have adequate levels of environmental literacy [23] . Are these efforts bearing fruit in terms of student risk perception? In this paper, we investigate the relationships between climate change literacy, concern and behavioral change among university students. The longer time horizon of students makes them more vulnerable to the effects of climate change, and, from a threat-reduction perspective, students form a critical target population as they are at a stage at which lifelong habits related to mitigation and adaptation are being formed. In Taiwan, this population is particularly relevant, as about 71% of people in this age group attend tertiary education [24] . As the next generation of citizens and consumers, a better understanding of their attitudes will also help in forecasting future trends. Surprisingly few studies have attempted to assess the knowledge and attitudes of university students towards climate change [25] and none have attempted to sample across all majors and degrees, much less across a country. Further, many used small samples (under 400) and/or were designed to respond to challenges faced in Western countries, particularly the need for education to overcome climate change denialism [26] [27] [28] . Ours is the first study to cover knowledge, concern and behavioral change in a single investigation and to include students from across all majors and degrees, across all years of university study, across universities ranked at different levels and across all geographical regions. In this study, we seek to identify the relationships between climate change knowledge, concern and behavioral change, as well as to determine whether social background factors influence these variables.
Methods

Participants
A total of 1118 participants (mean age = 21.4, SD = 2.4) completed the questionnaire. Participants were selected based on a sampling design considering student hometown region, curriculum (student major) and university ranking ( Table 2 ). The study was approved by the local institutional review board (Research Ethics Committee of National Taiwan University, NTU-REC No. 201506ES037) and carried out in accordance with the relevant guidelines and regulations. Participants gave their free and informed written consent prior to completing the survey.
Measures
Dependent variables. Climate-change related knowledge, risk perception and willingness to change behavior among university students in Taiwan was assessed through a three-part Chinese-language (traditional script) questionnaire in June 2016. We conducted a pilot test with 231 participants along with a follow-up series of focus-groups to investigate item quality. The results were used to select the final set of questions included in the questionnaire.
Knowledge was measured with fifteen multiple-choice questions covering basic scientific and social aspects of climate change (Cronbach's alpha internal consistency reliability was marginally acceptable at 0.645; all items are provided in Chinese and English in Supporting Information S1 Text). We present here the percentage of correct answers. To measure risk perception, we asked fourteen questions. In this paper, we present results to the question "How concerned are you, if at all, that global climate change will harm you personally at some point in your lifetime?" given the response options "Very concerned," "Somewhat concerned," "Not too concerned," "Not at all concerned," "Climate change does not exist," and "Don't know." To measure readiness to make behavioral changes, we asked four questions. In this paper, we present results to the question "How much have you changed your behavior because of climate change-not at all, a little, some or very much?" Explanatory variables. Participants were asked to report their gender, household income in New Taiwan Dollars (NTD), hometown region, mother and father's level of education, student (personal) education, student major area, student political party; university ranking was also included as a variable (S1 Table) . Mother's level of education was used as it displayed a stronger relationship to the outcome variables than did father's level of education. We collapsed student majors into the three broad categories used by Taiwan's Ministry of Education: Humanities, Social Sciences, and Science and Technology. However, we subsequently created a fourth category for "Cosmetic and Beauty Science," (originally included in the Science and Technology category) following a review of the curricular content of this major. For political affiliation, students were asked to indicate the political party they most identified with. In Taiwan, political parties are often discussed in terms of the 'pan-Blue' and 'pan-Green' camps, divided primarily by their attitudes toward relations with China. The parties of the pan-Blue camp-the Kuomintang (KMT) and the People's First Party (PFP)-tend to prefer close Taiwan-China relations with re-unification as an eventual goal while the pan-Green parties-the Democratic Progressive Party (DPP) and New Power Party (NPP) tend to lean toward proindependence policies. Note that 'Green' here does not have a pro-environment connotation. We refer to Taiwan's small environment-centered parties as simply 'Environmental Parties.' The categories used, and the results are provided in Table 2 , which also indicates differences between our sample and the population of Taiwanese tertiary students for the categories reported.
Data analysis strategy
We investigated three dependent variables in the study: (1) climate change knowledge; (2) climate change concern; and (3) behavioral change related to climate change. As climate change knowledge scores were non-normally distributed, and as the other dependent variables analyzed were ordinal, the knowledge scores were transformed into ordinal categories for greater coherence in the treatment of our outcome variables. We first conducted Kruskal-Wallis H tests to assess the effect of each individual explanatory variable on the dependent variables. We then developed ordinal logistic regression models to estimate the effect size of the explanatory variables within integrated models. The best fitting model for each dependent variable was chosen using goodness of fit statistics. All analyses were performed with the SPSS statistical package [35] . A more detailed description of the statistical analyses performed is provided in S2 Text.
Results
Knowledge about climate change
On the knowledge quiz, the average percent correct score was 62.7%. Scores differed significantly based on gender (men scored significantly higher), household income (students with higher incomes scored significantly higher), mother's level of education (students whose mothers had higher levels of education scored significantly higher), student education (students who had completed more years at university scored significantly higher), student major area (science and technology students scored significantly higher than humanities students, who outscored social science students, with cosmetics and beauty science students having the lowest scores), student political party (non-affiliated students scored significantly higher than pan-Green), and university ranking (students at higher ranked universities scored significantly higher). Similar results were found when knowledge was treated as an ordinal variable, with the difference that student hometown region also became significant (students from the north scoring significantly higher than students from the eastern part of the island). Full results appear in Tables A and B in S2 Table. In the ordinal logistic regression model for climate change knowledge, socioeconomic position was critical as only university ranking and family income significantly predicted knowledge scores. Students from first-tier universities had the highest climate change knowledge scores; being in a second-tier or third-tier university was associated with a decrease in the odds of having a high level of climate change knowledge. Further, students whose household income was inferior to 30,000 NTD had decreased odds of having a high level of climate change knowledge relative to students whose household income was greater than 80,000 NTD. Odds ratios are given in Table 3 .
Concern/Risk perception
In terms of concern, 1% were "not at all concerned", 6% were "not too concerned", 65% were "somewhat concerned" and 28% were very concerned (Table C in S2 Table) . Of 1118 students, only four chose "Climate change does not exist." Level of concern differed significantly based on student hometown region (students in the north were significantly less concerned than students from the south), major area (science and technology students were significantly less concerned than social science students) and political party (students affiliated with other parties and non-affiliated students were significantly less concerned than students affiliated with environmental parties) ( Table C in S2 Table) . Through ordinal logistic regression, we determined the effects of the same set of variables and climate change knowledge on the likelihood that students would report being more concerned. Hometown region, political party and student major all significantly predicted degree of concern. Students from eastern and southern Taiwan, and students majoring in the social sciences were more likely to report higher levels of concern (Table 4 ). In terms of political affiliation, students reporting "other" political parties were the least likely to report high levels of concern.
Behavioral change related to climate change
In response to the question "How much have you changed your behavior because of climate change?", 3% responded "not at all", 43% responded "a little", 38% responded "some" and 11% responded "very much" (with approximately 5% not responding) ( Table D in S2 Table) . The degree of behavioral change differed significantly based on household income (however, post hoc Dunn pairwise comparisons failed to identify significant differences between income categories), student major area (social science students reported significantly higher levels of behavioral change than both humanities and science and technology students) and university ranking (students from low and middle tier universities reported significantly higher levels of behavioral change than did students at the highest tier universities). Detailed results are provided in Table D in S2 Table. Through ordinal logistic regression, we determined the effects of the same set of demographic variables plus climate change knowledge and concern on the likelihood that students would report higher levels of behavioral change in response to climate change. Knowledge and concern emerged as the key predictors. Surprisingly, knowledge showed a slight negative relationship with behavioral change: students with lower scores reported more behavioral change while students with higher scores reported less behavioral change. Concern, as expected, showed a strong positive relationship with reported level of behavioral change. The best fitting model included both hometown region and student major. However, these two variables were only marginally significant. Students from the south reported the highest levels of change; students from eastern Taiwan were significantly less likely to report change than students from the south. Odds ratios appear in Table 5 .
Discussion
This paper investigated the relationships between climate change knowledge, the degree of concern and reported behavioral change in response to climate change among 1118 university students in Taiwan. The level of concern towards climate change is high amongst Taiwanese students but only moderate levels of behavioral change were reported. In terms of demographics, students from higher ranked universities scored significantly higher on the knowledge quiz, while students from households in the lowest income category scored significantly lower. However, knowledge was not a predictor of concern and was actually a negative predictor of behavioral change. The degree of concern was mainly predicted by student hometown region (students from the south and east reported being more concerned) and by student major (social science students reported being more concerned). The level of concern, in turn, was the strongest predictor of actual behavioral change. These results suggest that lack of knowledge is not an obstacle to behavioral change. Further, although greater concern predicts higher levels of behavioral change, the high degree of concern found in Taiwan has not, as of yet, translated into correspondingly high levels of behavioral change, a result consistent with an earlier study of Taiwan's adult population [21] . Optimistically, the lack of behavioral change to date might be remedied by more active policy leadership. The university years, especially in Taiwan where a high percentage of students attend university, may represent an ideal opportunity. A key finding of the paper is the unexpected failure to find a positive relationship between knowledge and either concern or behavioral change. Indeed, there was actually a slight negative relationship between knowledge and reported behavioral change. Research across a number of societies has shown a positive relationship between education and both environmental concern and disaster preparedness [36] . In the US, research has found an interaction between political beliefs, with a positive relationship between climate change knowledge and concern among Democrats but a negative relationship among Republicans [37, 38] . In an earlier risk perception survey of the entire adult population of Taiwan, education was generally found to predict concern towards climate change [20] . Based on this literature, we were surprised to find no relationship between knowledge and concern and a negative relationship between knowledge and behavioral change in the present study. One possibility is that a positive relationship does exist across an entire society or when comparing different societies, where knowledge levels vary widely. In our sample of university students in Taiwan, where climate change education is part of the curriculum, a basic level of knowledge existed across the sample as indicated by the absence of differences by region. Given this basic level, further increases in knowledge may no longer predict increases in concern or behavioral change. In Taiwan, 70.9% of the relevant population moved on to tertiary education in 2015 [24] . It is possible that if the remaining 29.1% had been included in the study, a positive relation between knowledge and concern would have been found.
We propose two hypotheses to explain the negative knowledge-behavior change relationship found in our study. First, it may have resulted from the positive relationship between family income and knowledge combined with the negative relationship between family income and behavioral change (Tables A and D in S2 Table) . The latter relationship may be due to a feeling of greater vulnerability to extreme weather events among lower income students or it may be that lower income students view the behavioral changes reported in this study as money-saving. Second, there might be a threshold at which more education counter-productively increases feelings of helplessness by increasing the understanding that responses to climate change require society-wide programs, rather than changes to individual behavior. Further research could usefully explore the relationship between knowledge and concern/ behavioral change across the entire range of knowledge levels.
Turning to concern, a further significant finding of our study is that a strong positive relationship did appear between concern and behavioral change. In Taiwan, concern is high, and it correlates with behavioral change. This must be regarded as an achievement of Taiwan's educational program around climate change [22, 23] . Nonetheless, some significant differences in concern were found based on our demographic variables. First, students expressing higher concern levels were more likely to come from southern and eastern Taiwan, regions with higher levels of exposure to weather-related hazards (although no major extreme weather events were recorded in Taiwan during the period of our study). Storms typically originate to the southeast of Taiwan, between the Caroline Islands and the Philippines, with an average three to four storms occurring between July and October. The presence of a mountain range running from the north to south serves as a natural barrier lessening the impact of these storms on the western part of the island. Among Taiwan's adult population, Sun and Han found that direct experience of weather-related disasters was not associated with climate change risk perception. However, more general typhoon-related anxiety was related to perceived risks towards climate change [20] , possibly explaining the higher levels of concern shown by our students from the south and east. This is consistent with past research linking vulnerability and concern [39] though others have failed to find a connection [40] . Future research might help clarify the nature of this relationship in Taiwan.
A second difference is that social science students were significantly more likely to report higher levels of concern. We suspect that this reflects curricular differences, with students in the social sciences exposed to more discussions of the impacts of climate change on society.
(As students often select majors based on college entrance exam scores in Taiwan, we do not believe that our results reflect pre-existing personal attitudes, as they might in western countries.) A third and final difference is the lack of a finding: concern was not related to support for any of Taiwan's main political parties. This is consistent with Sun and Han's findings of generally weak associations with political preference and no clear differences in risk perception based on support for the main political groupings [20] . In short, attitudes towards climate change do not appear to be based on politics in Taiwan.
Our results support recent studies contrasting beliefs and attitudes in East Asia and the West. In two recent large-scale university-level surveys in China and the US [11, 12] , Chinese students were more likely than their US counterparts to believe that climate change is happening and caused by human activities. Chinese students expressed no clear tendency towards 'climate change denialism', demonstrated a more accurate understanding of the science and expressed greater concern than US students [for further results on US students, see [25] [26] [27] . In our study in Taiwan, climate change denial was almost non-existent (only four of 1118 respondents). Jamelske et al. [12] offer two systemic explanations for US-China differences: state control in China preventing the emergence of denialism and Chinese traditional respect for educational authorities and science. Although in democratic Taiwan there is no similar degree of state control over public discourse, Taiwan may share with China a respect for science and educational authorities.
Furthermore, these trends among students appear to also be true for the broader adult populations of China [10, 41] and Taiwan [20, 21] . Taken together, these findings suggest the need for a different understanding of the role of public awareness and climate change policy in this critical part of the world. The generally high levels of concern and the lack of climate change denialism in East Asia, combined with the insufficient policy response to climate change ( Table 1 ), suggests that public opinion, and thus individual psychology, may play less of a role in national policies in this region than has been suggested for Western countries [42] [43] [44] . East Asians demonstrate higher levels of awareness, yet the region continues to be the world's largest emitter of greenhouse gases and fares poorly in international comparisons of responses to climate change [7] .
Chou has recently framed Taiwan's climate policies in terms of its status as a newly-industrialized country, prioritizing economic growth and insulating the policy-making process from public opinion [21] . Similarly, Shih discusses opposition to the passage of the Greenhouse Gas Reduction Act in terms of the opposition of energy-intensive industrial firms, established on the island from years of a pro-development policy of low-energy prices, in combination with government ministries focused on economic 'competitiveness' and a public that views climate change as a real but distant threat [45] .
We further suggest that Taiwan is one instance of a broader East Asian model, the key feature of which is the commanding role of the "developmental state" [46] , which contrasts sharply with the "regulatory state" in countries like the US and the UK. In the US, the conflict between economic interests and the environment has played out in the political sphere. Vested economic interests funded efforts to generate doubt about climate change and thereby hinder or prevent policy responses [47] . As a result, educators, left on the defensive and forced to focus on techniques to convey accurate information, are still struggling to raise awareness and concern prior to instilling environmentally friendly habits. In East Asia, by contrast, public opinion is often disregarded and the conflict between vested economic interests and the environment is played out not in the political sphere but rather as inter-ministerial disputes within governments. With the exception of China's coal exports, the East Asian economies are also oil, LNG and coal importers, with no significant fossil fuel producing interests. For these reasons, active private-sector disinformation campaigns are not a factor. This explains the finding, paradoxical from a western perspective, of populations knowledgeable and concerned about climate change but economies still locked into high levels of emissions. The resulting discrepancy between government-sponsored education and recommendations (made by ministries of education and the environment) and actual government policies on the environment (shaped by ministries responsible for economic policy) may also lead to a lack of trust in government [21] which could partially explain the lack of behavioral change found in this study. It raises the further point that opposition to environmentally damaging policies will necessarily take a different form in East Asia, as discussed and illustrated in Chou's recent discussion of the 2010-11 movement to stop the construction of a naphtha cracking plant in Taiwan [48] . Given the central importance of East Asia to the problem of climate change, we feel that future research should continue to focus on the specific dynamics of policy formation and the role of public attitudes in the region, without assuming similarity to western norms.
Limitations
This study did not use a representative sample. Table 1 compares the characteristics of our sample with those of the student population in Taiwan. Interpretations of our results should thus be made with appropriate caution. Also, our study was based on self-reported levels of concern and changes in behavior and these responses are subject to biases (e.g., social desirability bias). Finally, as our data was cross-sectional, we cannot make strong causal claims concerning the correlations found here, although we hope that our regression analyses have shed light on the possible relations underlying our findings.
Conclusions
Mitigating the potential hazards posed by climate change will require significant behavioral changes among the public. Programs encouraging such changes will need to be "tailored to the unique context of each country" as the level of public knowledge and perception within each country has its own "relatively unique set of correlates" [49] . This study supports the existence of a distinct East Asian model of public opinion in which knowledge and concern exist at high levels and in which climate change denialism is not relevant. The need for greater education often emphasized in studies of Western countries [25] [26] [27] seems less urgent in Taiwan and any further education should focus on concrete adaptation and mitigation strategies and solutions. Optimistically, the high levels of knowledge and concern in East Asia bodes well for future support of policies responding to climate change. What is needed in the East Asian context, then, is policy leadership which translates existing levels of knowledge and concern into behavioral change. 
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